The bacteria contained in processed fresh edible sea urchin (uni in Japanese) were identified with high accuracy using 16S ribosornal DNA (rDNA) sequence analysis. The 586 isolates that were recovered from ten domestic products comprised 13 genera and 18 species. The food poisoning-related bacteria Bacillus cereus (B. cereus), Bacillus weihenstephanensis (B. weihenstephanensis), and Staphylococcus aureus (S. aureus) were detected in 4/10 samples, while the causative agents of bacterial opportunistic infections, Staphylococcus equorum (S. equorum), Stenotrophomonas maltophilia (S. maltophilia), Burkholderia cepacia (B. cepacia), and Serratia proteamaculans (S. proteamaculans), were detected in all 10 samples. It is not known whether these pathogens were components of the sea urchin microflora or were the result of contamination from the environment or human contact during the manufacturing process. Nevertheless, strict quality control standards are needed for the processing of fresh edible sea urchin. This is the first comprehensive analysis of the bacterial microflora of processed fresh edible sea urchin.
INTRODUCTION
Food poisoning or decomposition often affects fresh edible seafood as a result of contamination or colonization with microorganisms. The Food San- * To whom correspondence should be addressed: Department of Immunobiology, Meiji Pharmaceutical University, 2-522-1 Noshio, Kiyose, Tokyo 204-8588, Japan. Tel.: +81-424-95-8740; Fax: +81-424-95-8740; E-mail: nishi@my-pharm.ac.jp itation Law (Shokuhin-eisei-hou in Japanese) has been revised based on numerous cases of food poisoning, and microbiological standards have been established for each product. 1) In addition, beginning in 2002, an expiration date must be shown on all products. 2) However, for processed fresh edible sea urchin (uni in Japanese), only specifications for Vibrio parahaemolyticus (V. parahaemolyticus) have been established. 1) Accordingly, the Tokyo Metropolitan Government provisionally established microbiological specifications for general viable bacteria, coliform bacteria, Staphylococcus aureus (S. aureus), and Salmonella species. 3) Previously, we examined 126 processed fresh edible sea urchins obtained from a market and examined the relationship between the expiration date set by the manufacturers or importers and the counts of viable bacteria based on this standard. 4) Approximately 30% of the products did not meet the microbiological standards during the period preceding their expiration dates. Since fresh edible sea urchin cannot be sterilized during the manufacturing process, it is possible for various bacteria, constituting the microflora of sea urchins or contaminants from the environment or human contact during the manufacturing process, to colonize these products. The ability to identify bacterial species would provide valuable information on microbiological contamination for both the manufacturer and importer.
The present study is the first to identify in a comprehensive manner, using 16S ribosornal DNA (rDNA) sequence analysis, the bacteria contained in processed fresh edible sea urchin.
MATERIALS AND METHODS
Sample Collection --Ten processed fresh edible sea urchins were obtained from a distributor in the Tokyo Metropolitan Central Wholesale Market (Tsukiji Market) in April 2007, including six samples from Hokkaido and four from Aomori. Viable Bacterial Cell Counts --The numbers of general viable bacteria were counted using the standard determination assay for viable cell counts on a plate 5) on the day of collection. Identification of Bacteria Using 16S rDNA Sequence Analysis --At least 50 colonies per gram of sample were selected randomly from the plate when the numbers of general viable bacteria were counted. For DNA extraction, a few cells were suspended in 100 µl of physiological saline then incubated at 100 • C for 15 min. Then, 3 µl of the heated cell suspension was added as DNA template to 27 µl of a PCR mixture that consisted of Ex Taq polymerase (Takara, Shiga, Japan) and the 27F (5 -AGAGTTTGATCCTGGCTCAG-3 ) and 1492R (5 -GGTTACCTTGTTACGACTT-3 ) primers. The composition of the PCR mixture was as recommended by the manufacturer. PCR was performed with an initial denaturation step at 94 • C for 1 min, followed by 30 cycles at 94 • C for 30 s, at 47 • C for 30 s, and at 72 • C for 1.5 min, then a final extension at 72 • C for 10 min. The PCR products were sequenced using the primers 27F, 520F (5 -GTGCCAGCAGCCGCGG-3 ), 1100F (5 -GCAACGAGCGCAACCC-3 ), 520R (5 -ACCGCGGCTGCTGGC-3 ), 920R (5 -GTCAATTCCTTTGAGTTT-3 ), and 1492R, using an ABI 310 DNA sequencer and the ABI PRISM BigDye Terminator Cycle Sequencing kit version 3.1 (Perkin-Elmer Applied Biosystems, Foster City, CA, U.S.A.) according to the manufacturer's instructions. Strains with 99% 16S rDNA sequence similarity were defined as conspecific. 6) The sequence data were analyzed using the National Center for Biotechnology Information (NCBI; Bethesda, MD, U.S.A.) BLAST system (http://www.ncbi.nlm.nih.gov/BLAST/).
RESULTS AND DISCUSSION
Between 1000 and 7800 colonies of bacteria were recovered per gram of sample from the ten samples. From these, the 16S rDNA sequences of 586 strains were determined, and 268 strains were identified as known bacteria by BLAST searching (Table 1) . These strains encompassed 13 genera and 18 species. The 16S rDNA sequences of the remaining 318 strains were not linked to known species. Based on the rDNA sequence analyses, five new species belonging to the genera Arthrobacter, Marinomonas, Pseudomonas, and Shewanella were identified. The 16S rDNA nucleotide sequence similarities between the new species and their phylogenetically closest species were less than 97%. Surprisingly, of the ten samples, the food poisoningrelated bacteria Bacillus cereus (B. cereus), Bacillus weihenstephanensis (B. weihenstephanensis), and S. aureus were detected in three, two, and one samples, respectively. Sample no. 1 contained both B. cereus and S. aureus. B. weihenstephanensis, which is considered as a new psychrotolerant species belonging to the B. cereus group, 7) also has the potential to cause food poisoning. 8) B. cereus is widely distributed in the environment and causes two types of food poisoning, the emetic and diarrheal syndromes, as well as a variety of local and systemic infections. 9) S. aureus is a leading cause of gastroenteritis resulting from the consumption of contaminated food. Staphylococcal food poisoning results from the absorption of staphylococcal enterotoxins that have been preformed in the food. 10) S. aureus is also a component of the skin microflora in 20-30% of healthy individuals. In the present study, in addition to food poisoning-related pathogens, bacterial opportunistic pathogens were detected in all ten samples, including Burkholderia cepacia (B. cepacia), Serratia proteamaculans (S. proteamaculans), Staphylococcus equorum (S. equorum), and Stenotrophomonas maltophilia (S. maltophilia). B. cepacia is capable of causing life-threatening respiratory tract infections in patients with cystic fibrosis, and it can develop multidrug resistance. 11) S. proteamaculans has been isolated from several samples (blood cultures, tracheal aspirates, and pleural effusion) from a patient with pneumonia. 12) S. equorum was originally isolated from a healthy goat; subsequently, isolates have been obtained from the milk of a cow with mastitis, 13) and it has also been recovered in clinical specimens in recent years. 14) S. maltophilia (formerly Pseudomonas maltophilia) is an opportunistic pathogen that is isolated from various sites, such as the blood, urine, upper airways, wounds, and central venous catheters, 15) and multidrug resistant strains of this microorganism have been isolated more frequently during the last decade. 16) a) Considered to be a taxonomically new species. b) DDBJ acession number of 16S rDNA sequences of representative strains. c) Number of colonies identified. d) A sample was judged to be "inappropriate for food" when containing > 10 6 /g general viable bacteria.
The aim of the present study was not just to detect food poisoning-related or pathogenic bacteria, but also to define in a comprehensive fashion which bacterial pathogens exist in the product. We were very surprised by the number of bacterial species identified. We conducted a similar comprehensive examination of fungi using rDNA sequence analysis and identified 23 yeast species. Of the products examined, 65% contained opportunistic infectious fungi, including Candida albicans. Opportunistic infections do not occur in healthy individuals. Nevertheless, it is important to note that processed fresh edible sea urchin is contaminated with various pathogenic bacteria and fungi. Although only the most probable number (MPN) of V. parahaemolyticus is used as the microbiological specification, as proscribed by the Food Sanitation Law, 1) the Tokyo Metropolitan Government has provisionally established microbiological standards. 3) Large amounts of microbiological data have been accumulated, from which strict but rational quality control standards should be established, and upon which expiration dates should be based.
In conclusion, the present study is the first to show with high accuracy using 16S rDNA sequence analysis that processed fresh edible sea urchin contains various food poisoning-related and pathogenic bacteria. Our findings should help to improve hygiene standards in the industrial facilities that process sea urchin.
